ABSTRACT: A total number of 270 Domyati ducklings at 21-day-old were used, weighed and divided into five experimental groups to investigate the effect of dietary L-carnitine (LC) supplementation level (0, 150, 300, 450 and 600 mg/kg) on growth performance, carcass quality, hematological and blood serum constituents as well as economic efficiency in summer season. The results indicated that dietary LC supplementation resulted in a significant (P≤0.01) improvement in live body weight at 63 and 84 day of age, while body weight gain, feed conversion ratio and production index were significantly (P≤0.01) improved as compared to the control group during the overall experimental period (21-84 day of age). Eviscerated carcass and total edible parts (%) were significantly (P≤0.05) improved by supplementing different LC levels to the diet as compared to the control, but abdominal fat (%) was significantly (P≤0.01) decreased. Breast and thigh yield (%) were significantly (P≤0.01) higher for ducklings fed diets supplemented with 450 and 600 mg LC/kg than those fed the control diet. Dietary supplementation of different LC levels resulted in a significant improvement in muscles (%) for both breast and thigh, while skin with subcutaneous fat (%) was significantly decreased as compared to the control. Dietary supplementation of different LC levels resulted in a significant (P≤0.01) increase in crude protein and decrease in ether extract content for breast and thigh muscles than the control group. Hemoglobin content was significantly higher for ducklings fed diet supplemented with 300 up to 600 mg LC/kg as compared to those fed the control diet. Lymphocytes (L) cells (%) was significantly (P≤0.01) increased, while heterophils (H) cells (%) and H/L ratio were significantly (P≤0.01) decreased for ducklings fed diets supplemented with different LC levels than the control. Serum triglycerides constituent was significantly decreased for ducklings fed diets supplemented with different LC levels than those fed the control diet, while, total cholesterol was significantly decreased by feeding these diets except for 150 mg LC/kg diet which was insignificantly decreased. Economic efficiency was significantly higher for ducklings fed diets supplemented with different LC levels, while, 300 and 450 mg LC/kg diet recorded the best values than those fed the control diet .
INTRODUCTION
Shortage of food and nutrients, especially animal protein sources, is one of the most important nutritional problems of the world, especially in third world countries. Poultry industry, is one of the most effective methods for producing animal protein in the world (Ardekani et al., 2012). Egyptian duck production was 42.0 thousand tons representing about 1.7% from the world production in 2006 (Soltan et al., 2014). It is becoming specialized and attention focused lately to increase meat production especially from local breeds. Domyati ducks is one of the local duck breeds which reared for diverse production situations and it's more favorable to the Egyptian consumer (Awad et al., 2011). However, ducks are genetically predisposed to the fatness. Excessive fat in ducks is unattractive to consumers who are concerned about the negative effects of saturated fat intake on health (Arslan et al., 2003) . This fat represents a waste product from ducks, so, numerous attempts have been made to minimize this fat accumulation, either genetically or by dietary manipulation, with different degrees of success (Awad et al., 2014) .
Recently, poultry diets are formulated based mainly on plant sources, especially with the concern of consumer's health from animal feedstuffs sources. Poultry diets have a high percentage of cereal grains that are poorly in essential amino acids for better performance (Baumgartner and Blum, 1997) . Moreover, the stress of high ambient temperature may negatively influence the performance of poultry production by reducing feed intake, live weight gain and feed efficiency as well as environmental stress causes oxidative stress and impairs antioxidants status and bird resistance (Sahin, et al., 2001 ).Therefore, improving performance and carcass composition by using a natural feed additives has become a main focus in poultry researches (Taklimi et al., 2015) . Although, L-carnitine is synthesized in the body from lysine and methionine, and it is formed with contributions from vitamins B3, B6, B12, C and folic acid, as well as iron (Michalczuk et al., 2012) . According to Harmeyer (2002) the body can not produce enough Lcarnitine to fully cover its own needs because some conditions such as stress, disease, and physical strain may result in Lcarnitine deficiency. So that, dietary Lcarnitine supplementation resulted in improving growth rate, feed conversion effi ciency, breast and thigh meat yield and reduced abdominal fat in broilers (Rabie et al., 1997). Also, dietary L-carnitine supplementation decreased serum cholesterol and triglyceride levels in broilers (Line and Horng, 2001). Furthermore, it could play a role in reducing the undesirable fat in broiler carcasses (Rabie and Szilagyi, 1998), increasing the chick's resistance for the acute heat stress. Additionally, Lcarnitine strengthened immune function by enhancing antibody responses (Deng et al., 2006) . Moreover, L-carnitine is used in poultry for multi-functional purposes that include promoting growth and improving antioxidant status (Adabi et al., 2011) .
Because the literature related to the usage of L-carnitine and its eff ect on growth performance and carcass quality for ducks are scarce, the objective of this study was to investigate the potential effect of dietary Lcarnitine supplementation on growth performance, carcass traits and quality as well as economic efficiency for local duck breeds (Domyati ducklings) during summer season. 
MATERIALS AND METHODS

Birds and management:-
RESULTS AND DISCUSION
Growth performance:-Dietary L-carnitine supplementation (LC) resulted in a significant improvement in live body weight (LBW) for Domyati ducklings at 63 and 84 day of age (Table 2) . Ducklings LBW were significantly improved by 7.14, 11.20, 12.74 and 9.74% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively as compared with those fed the control diet at 84 day of age. Also, dietary LC supplementation caused a significant improvement in body weight gain (BWG) at all experimental periods except of 21-42 day of age than the control group (Table 2) . Ducklings BWG was significantly improved by feeding diets supplemented with 300 up to 600 mg LC/kg than the control group during the periods of 42-63 and 63-84 day of age. Generally, BWG was significantly improved by 8.95, 15.11, 16 .50 and 12.92% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively as compared with those fed the control diet during the overall experimental period (21-84 day of age). Generally, ducklings fed diet supplemented with 300 or 450 mg LC/kg diet recorded the higher LBW and BWG value than the control. These improvements may be due to Lcarnitine play a major role by increasing plasma insulin-like growth factor-I concentration, which serves as stimulating substances for chick's growth (Xu et al., 2003) . Also, it may be due to improve the utilization of dietary ingredients as a result of L-carnitine transfer the long-chain fatty acids across the inner mitochondrial membrane and controls the rates of β-oxidation of long-chain fatty acids as well as it plays a pivotal role in energy metabolism revealed that supplementation of L-carnitine (25-100 mg/kg) to commercial male broilers diet had no significant effect on daily body gain. Also, Deng et al. (2006) found that feeding diets supplemented with 100 or 1000 mg LC/kg to egg Leghorn type chickens for short-term period (4 wks) after hatching induced no difference in growth performance.
Feed consumption:-
Significant effects were observed in feed consumption (FC) for Domyati ducklings fed diet supplemented with different L-carnitine (LC) levels during some experimental periods (Table 2) . Feed consumption was significantly decreased by 6.21 % for ducklings fed diet supplemented with 150 LC/kg at the period of 21-42 day of age, while it was significantly decreased by 4.42% as a result of supplementing 450 mg LC/kg diet during the period of 63-84 day of age than those fed the control diet. However, FC was numerically similar for ducklings fed different LC diets as compared to those fed the control diet during the overall experimental period (21-84 day of age). This may be due to ducklings are able to compensate their feed intake according to their energy requirements as well as the experimental diet had similar metabolizable energy. This result is similar with 
Feed conversion ratio:-
Significant differences were observed in feed conversion ratio (FCR) among experimental treatments due to supplementing different LC levels to the diet (Table 2 ). Feed conversion ratio was improved for ducklings fed diets supplemented with different LC levels during different experimental periods with or without significant than those fed the control diet. Generally, FCR was significantly improved by 9.67, 14.96, 14.05 and 10.77 % for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively than those fed the control diet during the overall experimental period . Generally, the improvement in FCR is associated with decrease or similar FC and increase BWG of ducklings. So that, ducklings fed diet supplemented with 300 or 450 mg LC/kg diet recorded the best FCR value than the control. The improvement in FCR in this study may be due to L-carnitine enhances fatty acid burning, thus decreasing calorie requirements, as well as, it improves intestinal mucous membrane by active and passive mechanisms ( (100 or 1000 mg/kg) supplementation had no significant effect on feed utilization efficiency for egg Leghorn type chickens during four weeks after hatching.
Production Index (PI):-
Significant differences were observed in production index (PI) among the experimental treatments due to L-carnitine (LC) supplementation during all the experimental periods (Table 2) . Ducklings PI value was significantly higher by 18.57, 30.58, 31.06 and 22.93% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively as compared with those fed the control during the overall experimental period (21-84 day of age). Generally, ducklings fed diet supplemented with 300 or 450 mg LC/kg recorded the best PI value than the control. These results may be due to L-carnitine improves body weight gain and feed conversion ratio as well as not increases feed consumption during the overall experimental period. Also, it may be due to L-carnitine has the ability to improve the use of dietary nitrogen, whether directly through sparing its precursors (methionine and lysine) for protein biosynthesis and other cellular functions or indirectly by optimizing the balance between essential and nonessential amino acids within the cell (Sarica et al. , 2005) , which subsequently improved growth performance.
Duckling's viability (%):-
No Significant differences were observed in duckling's viability (%) among the experimental treatments due to Lcarnitine (LC) supplementation during the overall experimental period (Table 2) . Ducklings fed diets supplemented with different LC levels had higher viability (%) comparing to the control group. These results may be due to L-carnitine had strengthened immune function by enhancing antibody responses (Deng et al., 2006) . Also, it may plays a major role in stabilizing cell membranes and in regulating the function of ion channels (role in calcium transport) by reducing the amount of oxidative damage that occurs as a result of peroxidation of polyunsaturated fatty acids found in membrane phospholipids (Kalaiselvi and Panneerselvam, 1998).
Carcass traits:-
Results of Table 3 show the effects of dietary L-carnitine (LC) supplementation on carcass traits (expressed as percentages of LBW). Eviscerated carcass and total edible (%) were significantly improved, while abdominal fat (%) was significantly decreased by supplementing different LC levels to the diets as compared to the control. The improvement of eviscerated carcass and total edible parts (%) were reached from 3.54 to 4.57 and 3.94 to 4.47 %, respectively for ducklings fed diets supplemented with different LC levels as compared to the control, while, abdominal fat (%) was decreased by 36.14 to 45.18%. Generally, the improvement of eviscerated carcass and total edible parts percentage may be due to improving the final live weight and decreasing un-edible parts as a result of supplementing LC to the diet. found that weights and yields of carcasses tended to be insignificantly improved in Japanese quail fed diet contained 200 mg LC/kg. The decrease of abdominal fat may be due to L-carnitine prevents fatty tissue buildup, decreases the calorie requirement and increases the tolerance to effort because it may plays a major role to facilitate the removal of short and medium-chain fatty acids from the mitochondria that accumulate as a result of normal and abnormal metabolism and promotes the β-oxidation of these fatty acids in order to generate adenosine triphosphate (ATP) energy and improve energy utilization by reduce the amount of longchain fatty acids availability for esterification to triacylglycerols and storage in the adipose tissue (Xu et al. 2003 
Breast and thigh yield and their contents:-
Breast or thigh yield (expressed as percentages of eviscerated carcass weight) was significantly improved due to dietary supplementation of L-carnitine with 450 and 600 mg/kg (Table 3) . Breast yield (%) was significantly improved by 4.41 and 5.54% while thigh yield (%) was significantly higher by 5.94 and 9.77% for ducklings fed diet supplemented with 450 and 600 mg LC/kg than those fed the control diet, respectively. Moreover, breast and thigh muscles (%) were significantly higher for ducklings fed diets supplemented with different LC levels than those fed the control diet, while, skin with subcutaneous fat (%) was significantly decreased. Breast muscles (%) was significantly higher by 8.18-11.20 %, while breast skin with subcutaneous fat (%) was significantly lower by 10.02 -15.47 % for ducklings fed diet supplemented with different LC levels than those fed the control diet, respectively. Also, thigh muscles (%) was significantly increased by 12.21-15.62 %, while thigh skin with subcutaneous fat (%) was significantly lower by 7.55 -12.55% % for ducklings fed diet supplemented with different LC levels than those fed the control diet, respectively. Muscles drip loss (%) for both breast and thigh was insignificantly lower as a result of supplementing LC to the diet than the control. These results are in the same line with those obtained by 
Chemical analysis of breast and thigh muscles:-
Dietary LC supplementation had significant effects on both crude protein and ether extract content (%) for breast and thigh muscles, while dry matter (%) for breast muscles and ash (%) for thigh muscles were not significantly affected (Table 3) . Crude protein content (%) was significantly increased by increasing LC supplementation for breast and thigh muscles than the control, while ether extract (%) was significantly decreased. Crude protein (%) was significantly higher by 8.13 -22.62 and 6.04 -18.11%, respectively in breast and thigh muscles for ducklings fed different LC diets than the control. Whereas, ether extract (%) was significantly decreased by 16.73, 21.10, 52.77 and 50.72% in breast muscles, and 10.50, 18.85, 45.59 and 50.27% in thigh muscles for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively than those fed the control diet. These results may be due to L-carnitine may acts to decrease the total activities of glucose-6 phosphate dehydrogenize, malic dehydrogenize, iso-citrate dehydrogenize and lipoprotein lipase and total activities of carnitine palmitoyltransferase-I in breast muscles (Xu et 
Hematological parameters:-
Results of Table 4 show the effect of dietary LC supplementation on some hematological parameters of Domyati ducklings at the 77 th day of age. Blood hemoglobin (HB) content was significantly higher by 5.28, 7.56 and 16.10%, respectively for ducklings fed diet supplemented with 300, 450 and 600 mg LC/kg than those fed the control diet. Red blood cells (RBC) count was significantly increased by feeding diet supplemented with 450 and 600 mg LC/kg than the control, while white blood cells (WBC) count was insignificantly increased by supplementing 150, 450 and 600 mg LC/kg diet. Moreover, lymphocytes (L) cells (%) was significantly increased, while, heterophils (H) cells (%) and H/L ratio were significantly decreased by supplementing different LC levels to the diet as compared to the control. Generally, H/L ratio was significantly decreased by 29.41, 35.29, 37.25 and 45.10% for the groups fed diet supplemented with 150, 300, 450 and 600 mg LC/kg than the control, respectively. These results may be due to Lcarnitine had strengthened immune function by enhancing antibody responses (Deng et  al., 2006) . Also, it may plays a major role in stabilizing cell membranes and in regulating the function of ion channels (role in calcium transport) by reducing the amount of oxidative damage that occurs as a result of peroxidation of polyunsaturated fatty acids found in membrane phospholipids (Kalaiselvi and Panneerselvam, 1998).These results are in agreement with those obtained by Jameel (2014) who reported that RBCs count and hemoglobin content were increased, while H/L ratio was significantly (P≤0.05) decreased for chicks fed diet supplemented 50 mg LC/ Kg as compared with those fed the control diet.
Blood serum constituents:-
Dietary LC supplementation had no significant effects on all studied serum constituents except of triglycerides and total cholesterol (Table 4) . Serum triglycerides level was significantly decreased by 26.58, 28.85, 22.58 and 17.86% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively than those fed the control diet. However, serum total cholesterol level was significantly lowered by 10.86, 9.12 and 13.89% for ducklings fed diet supplemented with 300, 450 and 600 mg LC/kg than those fed the control diet, respectively. The decrease of serum triglycerides level for ducklings fed diets supplemented with L-carnitine probably related to increasing oxidation of fatty acids by increasing the transportation capacity of fatty acids to inner mitochondrial membrane (Shuenn et al., 2012) . Also, it may be due to L-carnitine increased the activity of lipase and decrease activity of lipoprotein lipase, thereby leading to a higher concentration of fatty acid in serum by accelerating hydrolysis of triglycerides to glycerol and fatty acid (Zhang et al., 2010) . The reduction of serum total cholesterol by L-carnitine supplementation was attained mostly via a decrease of cholesteryl esters rather than by a decrease in free cholesterol. Moreover, it may be due to an increase in biliary sterol excretion or an increase in the conversion of cholesterol to bile acids (2015) found that supplementing L-carnitine (150 mg/kg diet) to Japanese quails had no significant effect on serum total cholesterol.
Economical efficiency:-
Calculations of economic efficiency (EE) were listed in Table 5 . Different levels of L-carnitine (LC) supplementation had significant effects on both total cost and return as well as economic efficiency values. Total cost was significantly higher by 4.59% for ducklings fed 600 mg LC/kg diet, while it was insignificantly higher by 3.18% for ducklings fed 450 mg LC/kg diet comparing to those fed the control diet. However, total return was significantly increased by 7. 15, 11.18, 12.74 and 9 .73% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively than those fed the control diet. Generally, net return and EE values were significantly higher by feeding diet supplemented with different LC levels than the control. Economical efficiency value was significantly improved by 27.16, 38.83, 32.99 and 17 .51% for ducklings fed diet supplemented with 150, 300, 450 and 600 mg LC/kg, respectively than those fed the control diet. It's clearly that supplementing 300 or 450 mg LC/kg diet resulted in the best EE during the experimental period (21-84 day of age) for Domyati ducklings.
CONCLUSION
Based on the present data, it is concluded that dietary L-carnitine supplementation with 300 or 450 mg/kg had positive effects on growth performance, duckling's viability and carcass traits and quality as well as economic efficiency for Domyati ducklings during summer season. 
